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Tho Stabilisation of Snokelass Po«lar 
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Th« enokaleso povrdtr used ao a propallcnt in th« 
•TMd forcM of tha Uni tod Stetos is norMllj a "eisgla^baso” 
Diiroeslluloso posdar aadt by colloidizinc nitrceollnloee con* 
talning about 12*6 per cent of nitrogan* 

Tha nitrocelluloaa^ known as "{yroeellulosa"^ is 
nado by nitrating cither purified eotton lintors or special alpha* 
eallulosa prepared froa spruce pulp* Tha aatarial is nitrated im 
batches of about forty pounds aaoh^ with nixed acid of about tha 
following eoapositiom 



A charge cf alnost 2000 pounds of acid is used for each batch of 
eallulosa* Tha nitration usually takas about twan‘^*fiTa ninutes; 
the teeqperatura of tha acid being kept alnoat constant at 30*34^ C* 
by cooling coils in the nitrator* The spent aeids are then retsored 
frcn the nitrocellulose by a centrifugal directly below the nitre* 
tor^ and are fortified for reuse or sent to the reeovery plant* 



an opening in the center of the centrifuge into a trough contain* 
ing a straan of water* 

The drowned crude nitrocellulose eontaine tone 
sulfate esters of eellulosei and some nitrate esters of oxyeelluloee 



Per Cent 



Sulfuric Acid 
Nitric Acid 
Water 



63 

21 

16 



The partially dry nitrocellulose is forked through 
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«xxl of hjrdroe«llulose; all cdT tht«« inpurlties art last stabla 
than nitrnealluloso Itself* Thay are all capabla of being 
hydrolyxad by long boiling with alightly acidified water* To 
remo'Ta those Impurities, the nltrocallulosa is subjected to 
seToral stabilising processes* 

The first of these, known as "sour boiling", con- 
sists of a long series of boilings with water containing from 
0.25 por cent to 0,50 per cent of sulfuric acid. The usual pro- 

eoditfe Is to boil a total of forty hours with at least four changes 
« 

of miter* 

Eren after the continued boiling, the fibers of 
nitrocellulose, which still hare the hollow structiire of the 
original cellulose fibers, usually retain some acid* To remoro 
this acid, the fibers are "pulped"* This is accomplished by • 
beater, a Jordan mill, or a combination of the two* Most of the 
acid contained in the fiber is released when the fibers are brokan 
up, and is neutralised by a weak solution of sodium carbonate added 
during the pulping* 

The pulped fibers still contain traces of adsorbed 
acid and of unhydrolysed timetable esters; these are removed by 
"poaching"* The pulp is boiled again repeatedly with dilutm 
sodium carbonate and then with water, and finally ie washed at 
loast eight times by thorough agitation with water; each time at 
least 40 per cent of the liquid is decanted* 

After washing, the material is screened to give 
finished pyroeelluloce* If the pyrocellulose is to be converted 
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to enokelose povdor in the sane establiahaent^ It is puaped to 
the povdsr plant as a sluzry* If It is to be shipped^ it ia dried 
to s ester content of about 25 per cant and packed. 

Tho first procese in the actual convereicn of 
pyrocellulose to ssokeless powder is dehydration. The slurry is 
filtered by a continuous filter of the Olirer type and the pulp 
placed in a hydraulic press , where most of the water is rewored 
by the application} for a short tlmC} of a pressure of about 250 
pounds per square inch. The pressure ie released} and alcohol} 
in an amount at laast equal to the dry weight of the nitrocells* 
lose} is forced into the nasa by a punp. The pressure is then 
increased to about 3500 pounds per square inch} pressing the 
material into a cylindrical block. The process is controlled so 
that the product retains just enough alcohol for the eoUoiding 
operation. 

The compressed block is placed in a kneading 
machine and broken up by hand. This machine ie similar to a bread 
kneading machine used in large bakeries. Then ether is added 
rapidly and mixed in ss fast as possible. Enough ether is added 
so that the final liquid consists of about one part by weight of 
alcohol and two parts by weight of ether} the total weight of 
liquid being approximately equal to that of the nitrocellulose. 

The stabiliser is wixod with the ether before adding to the 
powder. 

After mixing} the powder looks like brown sugar. 

It is soft enough to be deformed by hand} and sticks together when 
squeezed. 
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Th<i incos'pletely colloidized froa th« 

aix»r ia pr«as*d into a oompaet cjliodri'cal mss in a pralinin- 
ary or "blocking" press, which exerts a pressure of abeut 3500 
pounds per square inch* This block is then placed in a "oaceroni 
press", fron which it is forced through ocTeral saall holes, to 
eaerge as atrinfo that look like nacaroni* 

These stringa are placed in a final blockiag press, 
which say be the same press uaad for preliioinary blexsking, and 
refonaod into a cylindar* In this operation the prassitre la 
aalntainad for ono or two miz»ito8| this application of preasuro 
ccnpletea tha colloiding* 

The block fron tha final press is placad into tha 
graining press, fror. which it is forced through s die to fora a 
long tube ccntalnlng either one or seren perforations# This 
tuba is cut into tha proper lengths to fora tha powder graine# 

The "green" powder fro* this operation still retains a conaider- 
able finount of ethar and alcohol, neat of which nauit bo renovod# 
The green powder is dried to the desired final 
aolvont content# Complete eliwinetion of solvent is undesirable, 
beeauaa completely dry powder bums too fast for aatiefactoiy 
use as a propellant, and alao because eoaplotely dry powder is 
so hydroscopic that it changas rapidly in aoisture content and 
in ballleiie properties when exposed to air# 

The solvent is recovered frea the powdor by eith«? 
of two Methods# In the older method the powder is plooed in a 
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closed systee and air, at about 60^ C.y la circulated through 
It* The warn air remorea moat of the solTtnt froii the powder, 
and the solvent la then revoved frow the air by cooling or by 
scrubbing with a suitable eolvent* The proeeaa requires ears* 
ful control, since the powder, on drying, tends to fom a 
aurfaee skin through which further passage of the solvent from 
the interior is very slow* 

The newer Method of solvent recovery is known as 
"water drying"* In this process, warw water is used instead 
of oir* The water causes the fomation of wicroscopie cracks 
and pores on the surface of the powder, thus preventing the 
fomation of the surface akin and allowing the solvent to pass 
froa the intori or of the grain into the water* The alcohol and 
ether pass into the wmtsr because they are wore soluble in weter 
than in powder* Thus the process is really one of extraction* 

In addition to wore affective drying, this process reduces the 
warping eustorarlly suffered by air-driad powder* 

When tho solvent has been sufficiently removed, 
the powder is taken out of tho water, and the surface water is 
rewoved in a dryer* The finished powder contains about 3 per 
cent of voUtlle matter interior of the grain and about 

1 per cent of surface water* Most of this is actually contained 
in the nlcroecoplc cracks and pores on the surface* 

The anount of water held on the surface Is 
extreaely inportant in affecting the stability of the powd«r* 

The amount of water should be such that there is little tendency 
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for th« nol8ture to oraporato In dry weathar or fcr tha poadar 
to take up water dtirlng hnnld weather. 

After drying, tha powder fron aeTeral batches If 
blended to produce a large quantity of essentially uniforu powder. 
Such a quantity is called a "lot". The powder fron each lot is 
generally kept together and assigned to be used by the sane ship 
or battery. 

After blending, the powder is stored in natal* 
lined boxes sealed with rubber gaskets. Every effort is nade 
to keep the containers watertight, to avoid the effects of chang- 
ing humidity, 

Sven pure nitrocellulose, in either the colloided 
or uncolloided state, tezvis to decenpose slowly on standing, with 
the fomation of nitric oxide and nitrogen dioxide. The rate 
of deconpooition rises wi.th the temperature; the reaction is 
accelerated high hionidity. In the presence of acid the rate 
of decomposition ie very greatly increased, Hitroeelluloso that 
has not been freed completely from sulfate esters of cellulose 
is lEuch less stable than the thoroughly purified material* The 
stilfato esters hydrolyse more rapidly than the cellulose nitrate 
itself, and the traces of sulfuric acid set free by the hydrolysis 
catalyse the decomposition. The nitrate esters of hydrocellulose 
and oxycellulose also tend to make the powder unstable; they 
decompose readily to fora oxides of nitrogen that can react with 
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ai^ BoiatuTG present to fom acids that cataljse ths dacoaposl- 
tion of the true nitroeslluloss* 

Although sell pur If lad nitrocslluloee is rathsir 
stabla and doss not begin to break down readily at rooai tanpara* 
tursy a saall aeount of decomposition does take place within a 
ralatiwely short period of tisto. The oxides of nitrogen produced 
by this decomposition attack the nitrocellulose very rapidly^ 
causing further deconpositicai* Thus^ if these oxides are net 
resoredy the deconpositicn is *auto<^atalytic” and its rate 
increases rapidly^ causing considsrablo decomposition in a short 
tine* For this reason there must be added to the swokeless powder 
some compound which will react with the oxides ae fast as they 
are foraed, tying then up as some eoapound which does not further 
the decomposition* Such an additional compound is called a 
atabiliser^ and powder to which it has been added is said to be 
stabilised* 

There are two important requireeents for a good 
stabiliaor in addition to the obvious one that it eust react with 
the oxides of nitrogen forned by the decoicpoeition of nitroeellu** 

loee* 

Firsts neither it nor the product of its reaction 
with the oxides of nitrc^en should react with the idtrocslluloee* 
Thus the use of an alkali aa a stabiliser is not feasible^ be- 
cause both tho alkali and the nitrates and nitrites fomed froa 
it react very rapidly with nitrocellulose* (1) 
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Sscorxl^ Rtlther the sttbiliaer nor its products 
should destroy the homo^enoity of the po«der« Csleiun carbonate^ 
which is s good stabilizer for dynamite^ cannot be usod for 
SKokeless powder because it is insoluble and renains as a finely 
dirided solid in the powder* Urea, which otherwise is a vary 
good stabiliser I cannot bo used because it produces bubbles of 
nitrogen gas in the powder* 

The stabiliser should also be relatively cheap^ 
end both it and its products reust be thetisolves stable* 

Stabilizers havs been used in sRKdceloss powder 
ever since its first sairjtfacture in Fhrence in 1884* The first 
substance used was aioyl alcohol (2)^ which reacts with the oxides 
of nitrogen to for* esters, amyl nitrite and nitrate* 

Those esters are in turn attacked by the oxides, and break down, 
releasiiig nitric and nitrous oxides, and at the sane tine the 
asqyl radical is oxidised to valeric acid* The presence of valeric 
acid can readily be detected by its odor, and its presence was 
taken as evidence that the aiy^l alcohol was exhausted and the 
powder no Ic^er stable* Since each aolocule of aayl alcohol 
reacts with only one nitrogen, which it later gives up, awyl 
alcohol is a very poor stabiliser* Its use was abandoned, but 
not until two French werships had been destroyed by explosions 
attrilxated to opontazieous inf leaataticwi of the powder in their 
aagazines* The Italians used aniline as a stabilizer, but since 
aniline itself attacks nitrocolluloss, it wakes a very poor stabi* 
lizer and its use was soon discontinued* 
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Bj* f«r the Rost Important etobilizer la diphenyl* 
aalne^ which was used as early 1909 and is still the standard in 
Bost countries, including the United States* 

The only substance which can coops te with diphenyl- 
amine as a stabilizer is "Central! te", a trad# name for any of 
•evoral alkyl-substituted diphenyl ureas, the noet usual being 
synBK)trical diethyl diphenyl urea* However the centrelites ere 
used chiefly as solvents and coatings* In this paper dlphenyl- 
asine and centralite will be discussed in detail, followed by 
a list of other coetpounds which have been used or proposed and 
a discussion of tho cooparative stabilization powers of the 
Tarious compounds* 

Diphenvlanine 

Olphenylanine Is by far the most Important stabili- 
zer for smokeless powder, although it is generally considered 
that centralite is actually a better stabilizer* 

The qualities of diphej^lamies as a stabiliser 
were first established by M* Karqueyrol in a series of researches 
lasting fifteen years (3)* Samplas of smokalass powder con- 
taining up te 10 per cent of diphenylamine were heated at five 
different temperatures for periods up to 4083 days, end samples 
were removed from time to time for aimlysis of the nitrogen con- 
tent of tho nitrocellulose* Op to that tioa it was generally 
considered that smokeless powder decomposed at s rapid and uncon- 
trollable rate* Marqueyrol*s tests established the fact that 
nitrocellulose is essentially stable and losas stability only 
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vh#n io ccntact mlth slight amounts of Its daccmpositlon products* 
Ke shosed that the first reaction product of diphenylamina is 
dlphcnylnitrosanine, which is Itself a better stabiliser them 
dlphenylaT!ine. Tills is due to the fact that nltrosersime is a 
eelatlniser for nitrocellulose, and resiains intimately mixed with 
It, whereas dlphenylamlne does not. However at elevated tempers- 
tures the nitrosamirus has very poor sisbllising powM*, 

Thoso tests also showed that the effect of tonpers- 
ture Is very important on tho action of a stabilicer, since some 
of the reaction products may thomselves be unstable at certain 
tenpernturoo. Therefore r.nj'’ test fer stabilisation should bo 
nta st at least two temperatures. These oboervations In rornrd 
to tho effect of temperature were confirmed Iv other researchers 
(4) ( 5 ) who also found that tho presence or absence of oxygen 
and the amount of moisture present in the powder also Kiterially 
affected the results, 

Iferqueyrol and others have studied the dorivativeo 
of diphenylavdne which cause powder to darken with age, and have 
concluded that they are due to impurities in the ether used in 
the powder or to the oxidising action of the air during drying, 
and are not products of a reaction between diphecylaiiice asd 
cltroeellulofie or tha oxides of nitrogen, (6) (7) (f). The 
principal exidatlon product producing darkening is diphenyl 
dihydro phesaslM, 

The transformations undergone by dlphenylamlno 
as a result of tlie decomposition of the powder hevo been studied 
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by several icvastigators and seen to be fairly, well established* 
The chief work in this field was done by Davla and Ashdown at 
M* I* T*, working under a ccntract for the U. S, Amy* (9) (10) 
They prepared all the coapouads which might b® expected to be 
fomed by nitration of diphenylaalno and devised color testa 
to indicate the picsence of each of them, as well as raothoda 
of separating esch frer. Elxturec of one another and nitrocellu- 
lose* These ecparatlcns and tests were applied to diphenylamine- 
etabillsed powders in various stages of decorrposition, the nost 
advanced being a powder that had been giving off fuwes for several 
■ontha* These tests indicate that the reactions are as follows t 
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Tb« last product foroad, 2-4«4’ trinitrodiphapyl- 
6)l«ht bs a^qr^cted to uadergo further nitration to the 
2-4-2* -4* tetranltro cospouad^ but rather cjdiaustive attempts 
to isolate this coapound were cot successful. 

Becker and liunold, (11), confirn the fact that 
the tetre^jiitro product is cot foraod. They also isolated aevoral 
wore intermediate ooapoueds* Their proposed reactions are as 
folloiwi. 
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The two nechanioa® lead to the aaoo end product^ 

• trlnitre derirative. The fact that diphenylamlne takes np 
three nltro grottpe per oolecule is one of the reasons that th« 
cospotmd la e\5ch a good atabillzer, 

Becker and Hiinold also soasiirtd the relative tl»ie 
required for the romation cf tho varioua ctrpcunda frc« powder 
containing dlphenylasine, which was kept at 100^ C* The nitroe- 
•wine was detected even before boating, tho ccnonitro cowpound 
after on© d*j» at the elevated terperature, tho dlnitro after 
two days end the trinitro after four days. 

They aljso tested the stabilising power of the 
various intermediates by preparing powders ccntalnlrig ouch of 
these eowpounds. The relative values were as right bo eacpected, 
ewcopt that the lost product, the trinitro cosipound, was a better 
stabiliser than tho cowpounds iarediately preceding it, the 
dinltro diphenylnitrosarines. Since neither of these actually 
takes up any rore nitrogen, it is hard to sac how cither can act 
as a stabiliser. Ho explanation was offered. 

There ia acre evidence that the reaction is not 
as slwple as the above discussion night indicate, Tho effect 

t 

of temperature has been largely ignored in both the above experi- 
ments, but other workers have found that the reaction is apparently 
different at different tewperetures. It was found (12) that 
stobilised powders decomposed at a rats which was only one-fifth 
to one-sixth that of unstabilised powder at 50^ C«, but at 77,5^ C, 
its reaction rate was one-third that of the unstabillsed powdtf , 
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Thie woi’JLd indicate either that th« reactions ars different at 
different tesperaturea, or that the method of testing is Inaecur- 
ato. The lon-teaperatnre teat ewiy net indicate the true velocity 
of deco’rpositicn. 

It was also found (13) that a catalyst waa nocesaary 
to carry out the reaction between dlphcnylamine end oxides of 
nitrt^en in the laboratory. Chlorides and copper salts were used 
as catalysts. It is supposed that the srsall ameunts of copper 
salts present in smokeless powder from the rerioiie manufacturing 
containers act as catalyst when the reaction occurs in powler. 

It has also been observed that the purity of the 
diphc^ylaclne end of the nitrocellulose effect the stability, 

(14) Powders made in 1912 with normally stabilised nitrocellulose 
and purified diphenylamine showed no loss of stability wlien tested 
after twenty years storage at rooa temperature, while powder 
manufactured during the first World Far, using rapidly stabilised 
nitrocellulose and technical diphenylamine ^ showed marked losses 
of stability in fifteen years. 

In this connection it is interesting to note that 
it is possible to restabilixe powder with diphenylamine. The 
process (15) is performed by softening the powder in alcohol, 
without altering the grain size, and then re-imprcgnating with 
diphenylamine in alcohol solution. 

Powder which has been stabilized with diphenyl- 
amine may be tested for stability and suitability for further 
use rathor easily, A powder is considered ur^fit for further 
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stora£;o ii' all c£ the diphenylaaino nod the diphonylnltroeanlae 
have been exhausted* These cotapounda Eiay be detected in an 
alcohol extract of the ponder by siwplo color tests as follows t 

If dlphenylatalno io present, r, strip of filter 
paper on which an alcoholic extract of t)ie powder has been 
allcwed to dry is colored blue by a drop of acHconiua persulfate* 
Also, if the extract contains diphenylaBlne it is colored bias 
by the addition of a few drops of a saturated solution of 
sn'';cniiMn t^eroulfate* Dlphonylnitrosanine gives no color wiUi 
cffisoniun persulfate, but iaperts an intense blue color to a few 
lailliliters of cold concentrated sulfuric acid* 

CMatrallte 

The first centralite was eyncetrical dlwethjl 
diphenyl urea* It too callad centralite becaune it was developed 
et the Contral Far Laboratory la OeTTiiany* The ethyl cocpoiuid, 
eymetricel diethyl diphenyl urea, usually called Centralite Mo* 1, 
is now wore ooaaon; the methyl compound is now called Centralite 
No* 2* 

The reaction of centralite with oxides of nitrogen 
has also been studied rathar iateneively, but opinion as to the 
nature of the reaction differs. One belief is that the reaetlcxi 
is simple nitration, foming first a dinitro cospouixi with 
nitro groups substituted In the para positions of the two phenyl 
rings, and finally a tetranitro ccMepounl with two ortho and two 
para positions substituted (16)* Another theory is that tbs 
centralite woleeule is broken up, forming p»nitro phenyl ethyl 
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nitrosaadn*. (17) In alther case, it should b« noted that on© 
centrnlltc colcculo takes up four nitro groupo, which lo one sore 
than dipbenylasine can absorb. 

Other Co^pcupda 

Many other eospounds have been used, or at least 
proposed, aa stebllizero, Kotuuch is known about the roactiono 
they undergo, but c great c»any coispariaons have been wade as to 
the relative powers of stabilization, Sone of the sore Isportant 
suggested substance® are; 

aoardite (aceysnetrical dlpheityl urea) 

alpha naphthyl urethaiae 

casphc»r 

carbazole 

diaisyl pbthalate 

dipherorlbenzaiiiide 

otl:^! oxinllata 

BRieic acid 

naphthalene 

nitro naphthalene 

phenanthrcoe 

potacsitM osdnllate 

petrolatuse of various kinds 

phthalide 

substituted uretJianes 
saeeharle sold 



tartaric acid 
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triacetate of methyl trimoth/lol methane (18) 
triphenylaidiie 

CotaDariaQS_Qf StabUigla£_roiwg 

Ueny workers have Mde ctwsperisone cf the 
stabilieing power of various groups cf the eospounds listed 
above* novrever it ie rather difficult to integrate the results^ 
since methods differed widely and eince each worker eowpered 
only a few cosipounds* The results of some of the loore Important 
swperlnsents are given below s 

Marqueyrol^ in his work eentioned above^ also 
nado cceperisono of the stabilising power of several compounds* 
These Included amyl alcohol^ diphenyleninsi nitronaphthaleae^ 
naphtholene^ diphenyl beasawide^ diphenyl nitroeanlnef and 
carbasole* He^ of course ^ concluded that diphenylamis* was 
the beet stabiliser, and it was his work that first promoted 
the U5S cf this eoepound* However, he found that for acme 
teiiiperatures tho bensaedde was better, and he aleo found that 
carbasole, while not at good a stabiliser as diphenylanine, Iwe 
loss direct action on the nitrocellulose st high teiRperaturee, 
oni thoreforo can be t 2 S«l in larger quantities with safety* 

Giua and Guaetalla (19) ran ccucparative teete 
on osveral C(»q 70 unde* They coneludod that the cospounde xsodtir 
GOBSideration could be arranged in order of decreasing stsbilis* 
ing effect ss follows s 

Diphenylselne 

Csntralite 
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Anllioe 

elplMi Kftpbtb«}rlur«tkafi0 
Stbjl Oxiailate 
PotassiuB Oxlnllftte 
Fhth«lide 

M« Toneguttly (20) (21) ^ fouad ih«t dlphez^laiali)* 
ozid central! to vsre of equal power and were the beat atabillBera 
oT all h& tested. Dlaubetituted urethanes were c^od atabllleere 
when fidsed with aoardite^ but net alone ^ while phthalide and 
diaagrl"- and dibut^rl^phthalatos had no stabilising; aeiioa at 
all. Oubstancee that are both otabilisers and gelatinisere gawe 
▼617 reeulta when nixed with eubstaneea which are eiabillsero 
oaLyf produeii:^ better Btablllsation than either aubstanee used 
alone. Pbenanthreno gave very good results on nitroglTcoriae 
powd<n?s. He concluded that diphenylaaine is the best stabiliser 
£or double^baee powders , but aoerdlte is the best for single* 
base powders. 

Toziegutti also eonperod the stebilising power 
of various petrolatuss^ since l^ese ware being sericiisly con* 
sidered at that tice. (22) As icight be e:q>eeted 9 it was found 
that those having the highest degree of unseturation (as shoBO 
by the broeine nuaber) wore the best stabilisers. 

H. Delbert (23) conpared powders contaiaing 
E.75 pMT cent of eentralite with powders in wliieh 2 per cent of 
the eentralite had been rtplaeed with either diphenyl* wine or 
earbasole. In each ease^ the etralght eentralite wae the beat^ 
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tho cjirbasole boii^ the worst, 

Delbert eleo studied tho eotion of triphenjleaiae 
as a stabilieeri oonperlng its sctioa to that of diji^ez^laslne, 
(24) Powders ecntainii^j two and five per cent of trlphenylaoiiio 
were coapeired with sinllar powders contairdcg dipheny lamina, 
twc*per cant powders showed similar action when heated to 
1(X^ C, bit powder containing five per cent of triphenylasiAe 
showed less denitration than the oorrespoi^ing diphonylecime 
pewdar. No nitroso compound was formed from the triphanylaaine^ 
the first product being a aononltro co^pcwnd. These tests 
seam to Indicate that trlphenylanina might make a cupe2;d.or sta* 
billscr^ but apparently no further work has been dene towards 
confiraing this, 

Kraus and Majrach considered the action of di* 
and tri«* earboxyli© acids, using tartaric acid as typical. 

Tartaric acid took up two rdtro groups, forming dinitro tartaric 
acid. Tills compound when heated in aqueous solution decomposed 
into carbon dioxide, nitrogen trioodde, nitrogen, and a small 
amount of carbonic acid. If heated dry, the gases varied with 
tesperature, glyoxalic acid being left in thia solid residue, (25) 

The same two workers also studied the nitro esters 
of other dicarboxylie acids, aemely glutaric, muoie, and saccharic. 
These were found to act very much like tartaric acid, and to 
be better stabilisers than tartaric acid, (26) 

Desmaroux (27) studisd ths conparative stabilising 
effsets of camphor and central! ts, and concluded thet camphor was 
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•• good a« etctralit«f nt lect«t for period* up to 600 d«j*9 which 
wei* the longeet teet conducted* 

XfiUag.lgj:„ 

Ko really eetififectory method of testing the 
stsbllity c£ smokeless powder has as yet been devised* Fcr 
reeeareh probleiMii sueh as compering the stabilising effeet of 
various substaneoSf the reduction in nitrogen content is taken 
as a measure of inetability* Thus to compare two etabiliseref 
powders containing eeoh are prepared^ and rsther large aemplee 
of eech kept under carefully controlled ccaditione of tempera* 
turn and humidity for a long tiiae* From time to tlme^ aemples 
of eeeh are withdrewm and analyaed for nitrogan, the ]}cwder whieh 
haa leat the least baing considered the better stebilised* This 
mstbod pi'eserits several difficulties and Is really not very 
estisfsctery* The nitrocellulose must be removed from the 
stsbillser and ita prodtiets and tested for its ni^ogen content* 
This presents difficulties and tha method employed varies with 
^1* type of powder end the staMliser* In additicn^ as has been 
mentioned before, the temperature plays sn lisportant pert in 
t!is effsetivs stability o<m» subetstwes acting as very good 
stabilisers st <mm temperature but being very poor at other 
teeqperatures either higher or lower* Accordingly, sueh tests 
should be run st several temperatures* 

Several methoda have been used for teeting 
stebility without waiting for the eetusl deeomx>ositioo to eeetor, 
as is tlie above tests* These are usually referred to as 
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"heat to«t9*» The two noot coajHion oT thtae in this country are 
the 65 * 5 ® C* XI starch test and the 134# 5® C# »cthyl violet 
teat* 

In the KI atsrch test, the powder oanplee ere 
heated in teat tubea at 65*5® C* Within each tube, a atrip of 
XI otai’ch pepiop, spotted with a 50 per cent aqueous solution of 
glycerine, is hung fron a platlnua hook* The tubes are 
ett^pered with cork. The tubes are exasained constantly and 
the ti*e required for the first appearance of color on tha paper 
is reported* Specifications in the United States call for et 
least 35 isitrutes befora the first appearance of color* 

In the methyl violet test, long tubes of heavy 
glass are used* They are closed loosely with notched corks, 
and are heated for almost their whole length in a bath at 
134 * 5 * C* The sample oecupias about two inches of the lower 
end of the tube, and strips of wethyl violet paper are placed 
about ono inch above the savple* Times are noted for the paper 
to be turned cocpletely to a ealmon-pink colw, for the first 
appearance of red fumes, and for explosion* Ksqsloeion usually 
does not occur for about fire houra* 

It will be noted that neither of the above gives 
a true lndicatic» of stability, sinca they iseasure the time for 
the aelf«eatalysed reaction in an atmosphere of air or red fumes* 
They thus serve only to eompere the stability of powders whi^ 

STS siailsr in other respects* For true observations of stability, 
a heat teat under vactmm is neeessary* 
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If eae^sless powder is exposed to • huald at* 
Boephere, it will ebeorb aoioturc slowly* Conversely, It will 
give up nolstirre to a dry ataoephsre. The orient of both ef 
tbcMie is dependent on the aisotmt of surface noieture present 
origioilly in the powd€>r, as aentloned above. The hycroeoopicity 
also eeeaus to depend on the total ancuzit of nltrocelluloee 
present, so that double base powders are less hygroscopic than 
straight nitrocellulose powder. 

The anount of rroisturo present has a very Bezdeed 
effect on the stability. In one es^rlwent a powder was esqpoeod 
to a safeirated atmosphere for three aenths at 50® C, After 
this C3q30«ire, It was kept at 65,5® C, in a closed contaizuKT, 
rod fuses appeorirtg after nine days. The same powder, unerposed 
to the haald atsfjsphere, took 540 days to produce red fuRos 
iwder the sa»e conditloas, (2P) 

Change# in teaperature and humidity affect the 
stability of powder in another fashion, also. As the powder 
takes up aolsturs, the water and volatile eatter in the powder 
■ore iawsrd from ttie surface toward the interior. If the sane 
powder then loses water, due to a change in ccnditlonsi this 
water uovqs outward, Thue there ie a constant shifting of the 
liquid within the pewder. This tends to break up the structure 
of the grain and proaote deeorapoeitlon, 

Saokeless powder deteriorates such uoro rapidly 
et high than at low temperatures. This is due pertly to the 
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Accoleretlon o£ th« d«ooipo8ition ruction of nitroc^llulos* and 
part?^ to the fact that the stahllicer aloo deconposec at high 
toaperatures* Dlphenylnitroaasdne decoopoeea very easily at 
the teraper&turo ia raised} and hence the stability of diphenylasdoe 
powders decreases rapidly* 
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